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(54) Power distribution system with circuit breakers remotely resetable by signals transmitted 
over the power lines 



(57) Circuit breakers (13) in an electric power distri- 
bution system (3), such as in a residence or a light com- 
mercial facility, are remotely redosed using a power line 
communications system (51) such as an XI 0 or CEBus 
system, which transmits a reclose signal over the power 
conductors (5, 7) to a recloser (47) controlling the sepa- 
rable contacts of the circuit breaker (13) in the load 



center (15). A remote master unit (53) which generates 
the reclose signal is connected to an unaffected branch 
circuit (9), preferably by plugging into a receptacle (59) 
located in a convenient part of the house or office 
remote from the load center (15). The reclosers (47) 
may be addressed individually or globally. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001 ] This invention relates to electric power distri- 
bution systems such as those found in residential or 
light commercial applications in which circuit breakers 
can be rectosed from a remote location using power line 
communications. 

Background Information 

[0002] Circuit breakers are commonly used to pro- 
vide both main and branch circuit protection in homes 
and light commercial applications. The breakers are 
mounted in enclosures called load centers which are 
normally placed in non-intrusive locations such as 
basements, garages, and the like, as they usually do not 
require maintenance or attention. A circuit breaker is an 
automatic device which will trip or open immediately 
should an overcurrent (short circuit or overload) occur in 
the protected circuit. Such a condition should be, and in 
fact must be, corrected before the circuit breaker can be 
reset to reestablish the circuit. These circuit breakers 
also respond to overload conditions which can occur for 
instance when too many loads, such as several appli- 
ances, are energized by the same branch circuit. Such 
overloads can dangerously overheat the branch circuit 
wiring if permitted to continue on, but the circuit breaker 
responds to persistent overloads by tripping open. The 
overload condition can be corrected by reducing the 
load on the protected circuit and it is then safe to reclose 
the circuit breaker. 

[0003] There is a growing interest in providing pro- 
tection against arcing faults which can occur due to 
abused or damaged cables/wires/cords. For instance, 
when an extension cord is cut or becomes worn and in 
other circumstances where bared conductors of oppo- 
site polarity come into temporary or permanent contact 
or breaks occur in wiring. Electronic circuits respond to 
such faults and trip the circuit breaker. Again, the circuit 
breaker can be reset after the faulty cord is discon- 
nected or the arcing condition is otherwise terminated. 
Electronic trip circuits are also available for tripping the 
circuit breaker open in response to ground faults. Once 
this condition is cleared it is also safe to reclose the cir- 
cuit breaker. 

[0004] Currently it is necessary to go to the load 
center to reset a tripped circuit breaker. As mentioned, 
the load center can be in the basement or in some other 
isolated location within the house or building. It is some- 
times difficult to identify the tripped circuit breaker from 
among the numerous circuit breakers housed side by 
side in the load center. In addition, the lighting at the 
load center could be on the tripped circuit thereby mak- 
ing it more difficult to locate the correct circuit breaker. 
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[0005] U.S. Patent No. 5,373,41 1 discloses a resi- 
dential circuit breaker which incorporates a solenoid 
operated switch in series with the circuit breaker con- 
tacts. The switch allows the branch circuit to be ener- 

5 gized and deenergized at the load center from a remote 
location. However, the switch can only be used to open 
and close on normal currents beiow the rated current of 
the circuit breaker. The circuit breaker stills responds to 
short circuits and overloads to interrupt current flow by 

w tripping open. The tripped circuit breaker is not remotely 
resettable. It still requires manual operation at the load 
center. Furthermore, additional wiring is required 
between the solenoid of the switch and the remote loca- 
tion. 

is [0006] There is a need, therefore, for an improved 
electric power distribution system such as for resi- 
dences and light commercial applications in which 
tripped circuit breakers can be reset remotely. 
[0007] There is a particular need for such a system 

20 which can be adapted to present power distribution sys- 
tems easily and economically. 

[0008] In particular there is a need for such an 
improved power system which requires no additional 
wiring. 

25 

SUMMARY OF THE INVENTION 

[0009] These needs and others are satisfied by the 
invention which is directed to an electric power distribu- 

30 tion system which includes a network of conductors 
forming a plurality of branch circuits connected to a 
main circuit and recloseable circuit breakers connected 
in at least some of the branch circuits adjacent the main 
circuit such as in the load center. The recloseable circuit 

35 breakers include separable contacts and operating 
means which include trip means which trip the separa- 
ble contacts open in response to predetermined current 
conditions in the branch circuit and reclose means to 
reclose the separable contacts in response to a reclose 

40 signal. The reclose means is connected upstream of the 
separable contacts of the circuit breaker so that it can 
be energized when the circuit breaker is tripped. This 
also enables it to respond to a remotely generated 
reclose signal which is transmitted over the power con- 

45 ductors. 

[0010] As the branch circuit protected by a tripped 
circuit breaker becomes deenergized, the remote 
means for generating the reset signal must be con- 
nected in a branch circuit in which the circuit breaker is 

so not tripped in order for the reset signal to be transmitted 
to the reclose means of the tripped circuit breaker. Pref- 
erably, this remote reset signal generator can be selec- 
tively connected to any of the branch circuits. This is 
most easily accommodated by plugging the remote sig- 

55 nal generator into a receptacle in another branch circuit. 
Each of the recloseable circuit breakers can have an 
assigned address so that a reclose signal may be 
directed only to a specific circuit breaker. Preferably, the 
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circuit breakers also respond to a global address so that 
ail tripped circuit breakers may be reset or a circuit 
breaker may be reset when the address is not known. 
Preferably, a power line communication system like an 
X10 communications system or a CEBus communica- 
tions system is used to transmit the reset signal over the 
power conductors. 

BRIEF DESCRIPTION OF THE DRAWING 

[0011] A full understanding of the invention can be 
gained from the following description of the preferred 
embodiments when read in conjunction with the accom- 
panying drawing which is a schematic diagram of an 
electric power distribution system incorporating the 
invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS . 

[0012] Referring to the drawing, the invention is 
described as applied to an electric power distribution 
system 1 which includes a network of power conductors 
3 including line conductors 5 and neutral conductors 7 
arranged to form a plurality of branch circuits 9 all con- 
nected to a main circuit 11. Each of the branch circuits 
9a-9n includes a remotely resettable miniature circuit 
breaker I3a-I3n connected in the branch conductors 
5a-5n and 7a-7n. The circuit breakers 13a-13n are all 
mounted within a load center 15 which is typically 
mounted in a remote location such as, in the case of a 
residence, in the basement or garage. 
[001 3] Each of the circuit breakers 1 3 includes a set 
of separable contacts 17 connected in the line conduc- 
tor 5. An operator 19 for the separable contacts 17 
includes a mechanism 21 having a handle 23 through 
which the separable contacts may be manually opened 
and closed at the circuit breaker. The circuit breaker 13 
also includes a trip unit 25 which can automatically 
actuate the mechanism 21 to open the separable con- 
tacts 17 in response to certain current conditions in the 
branch circuit 9. This trip unit 25 includes a conventional 
thermal-magnetic trip device 27. As is well known, the 
thermal-magnetic trip device 27 includes a bimetal 29 
connected in the line conductor 5. The bimetal 29 bends 
in response to persistent overcurrent conditions to actu- 
ate the mechanism 21 and open the contacts 17. The 
thermal-magnetic trip device 27 also includes an arma- 
ture 31 which responds to very large overcurrents such 
as caused by short circuits to provide an instantaneous 
trip function through actuation of the mechanism 21. 
[0014] Preferably, but not essentially, the circuit 
breakers 13 also include an electronic trip unit 33. The 
electronic trip unit 33 preferably provides both ground 
fault protection and arc fault protection. In the exem- 
plary electronic trip unit 33. ground fault protection is 
provided by the well known dormant oscillator ground 
fault detector which utilizes a pair of sensor coils 35 and 



37 inductively coupled to the conductors 5 and 7 of the 
associated branch circuit 9. Such a ground fault detec- 
tor, generates a ground fault trip signal in response to 
detection of leakage of current to ground from either the 

5 line conductor 5 or the neutral conductor 7. 

[0015] The electronic trip unit 33 alternatively, or 
preferably additionally, includes an arc fault detector. 
Various types of arc fault detectors are available, and 
the exemplary arc fault detector is of the type described 

10 in U.S. Patent No. 5.691,869 which detects the step 
change in current caused by the striking of an arc in the 
branch circuit and generates a trip signal as a function 
of the amplitude and frequency of occurrence of the 
arcs. Arcing currents are detected by monitoring the 

15 voltage drop across the bimetal 29 through the leads 
39. 

[0016] The trip signal generated by the electronic 
trip unit 33, whether in response to a ground fault or an 
arcing fault, turns on a switch such as the silicon con- 

20 trolled rectifier (SCR) 41 to energize a trip solenoid 43 
connected between the line conductor 5 and the neutral 
conductor 7 of the branch circuit 9. A resistor 45 limits 
the current drawn by the trip solenoid 43. Energization 
of the trip solenoid 43 actuates the mechanism 21 to 

25 open the contacts 1 7. 

[0017] The operator 19 also includes a recloser 47 
which is connected across the branch circuit 9 upstream 
of the separable contacts 1 7. The recloser 47 includes a 
recloser actuator in the form of a close solenoid 49 

30 which recloses the separable contacts 17. 

[0018] The recloser 47 is not only energized 
through the power conductors 5 and 7, but is also con- 
trolled by carrier signals transmitted over the network 
power conductors 3. In the exemplary embodiment of 

35 the invention, an X10 communications system 51 is 
used to generate the carrier signal remotely from the cir- 
cuit breaker 13. This X10 communications system 51 
includes a remote master unit 53. This remote master 
unit 53 can be permanently attached to a branch circuit; 

40 however, since it transmits the carrier signal over the 
power conductors it cannot reset a tripped circuit 
breaker in the branch circuit in which it is connected as 
the open separable contacts isolate that branch circuit 
from the recloser. Therefore, it is preferred that the 

45 remote unit 53 be selectively connectable to the branch 
circuits 9 so that an unaffected branch circuit, e.g.. 9n, 
can be utilized to transmit the carrier signal to a slave 
unit 55 in the recloser 47 to reset the tripped circuit 
breaker. Conveniently, the remote master unit 53 can be 

so provided with a conventional electrical plug 57 which 
can be plugged into a receptacle 59. e.g., 59n, in the 
unaffected branch circuit, e.g., 9n. Thus, when a circuit 
breaker, such as 13a, in the load center 15 trips, the 
master unit 53 can be plugged into a receptacle, such 

55 as 57n, in a branch circuit 9n which remains energized 
at a convenient location within the residence remote 
from the load center 15 to generate a redose signal 
which is transmitted over the network of power conduc- 
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tors 3 to the recloser 47 of the tripped circuit breaker. 
[0019] In the exemplary X10 communications sys- 
tem 51 , the recloser 47 in each of the circuit breakers 1 3 
is assigned a unique address. The master unit 53 can 
address a reclose signal to only a specified circuit 
breaker 13, or It can send a global reset signal to which 
all of the reclosers 47 will respond. The latter is useful 
when the address of the tripped circuit breaker is not 
known, or it is desirable to restore power to the affected 
branch quickly without taking time to determine the 
address. The master unit 53 has an addressing scheme 
consisting of a four-bit "house code" and a four-bit 
"device code", both of which have 16 states. Thus, the 
circuit breakers are organized into groups of 16 
addressed by a common "house code" with the individ- 
ual circuit breakers in the group addressed by the 
"device code". 

[0020] Other types of carrier line communication 
systems such as the CEBus system can be utilized to 
remotely control the circuit breakers 13 using the power 
conductors of the distribution system. 
[0021] While specific embodiments of the invention 
have been described in detail, it will be appreciated by 
those skilled in the art that various modifications and 
alternatives to those details could be developed in light 
of the overall teachings of the disclosure. Accordingly, 
the particular arrangements disclosed are meant to be 
illustrative only and not limiting as to the scope of inven- 
tion which is to be given the full breadth of the claims 
appended and any and all equivalents thereof. 

Claims 

1. An electric power distribution system (1) compris- 
ing: 

a network of power conductors (3) forming a 
plurality of branch circuits (9a-9n) connected to 
a main circuit (11); 

circuit breaker means (13) comprising at least 
one remotely recloseable circuit breaker (13a) 
comprising: 

a set of separable contacts (1 7) connected 
in power conductors (5a, 7a) of one of said 
branch circuits (9a) adjacent to said main 
circuit (11); and 

operating means (19) comprising trip 
means (25) opening said separable con- 
tacts to disconnect said one branch circuit 
(9a) downstream of said separable con- 
tacts (17) from said main circuit (11), and 
reclose means (47) connected for ener- 
gization to said power conductors (5a, 7a) 
upstream of said separable contacts (17) 
and responsive to a remote reclose signal 
to reclose said separable contacts (17); 
and 



remote means (53) connected to said network 
of power conductors (3) upstream of said sep- 
arable contacts (1 7) of said one recloseable cir- 
cuit breaker (13a) for transmitting said remote 
5 reclose signal to said reclose means (47) over 

said network of power conductors (3). 

2. The system (1) of Claim 1 wherein said circuit 
breaker means (13) comprises a second circuit 

10 breaker (13n) in a second branch circuit (9n) adja- 
cent said main circuit (1 1), said remote means (53) 
being connectable to said second branch circuit 
(9n) downstream of said second circuit breaker 
(13n). 

15 

3. The system (1) of Claim 2 wherein said second 
branch circuit (9n) includes a receptacle (59n) 
downstream of said second circuit breaker (13n) 
and wherein said remote means (53) plugs into said 

20 receptacle (59n). 

4. The system (1) of Claim 1 wherein said remote 
means (53) comprises X10 communications 
means. 

25 

5. The system (1) of Claim 1 wherein said remote 
means (53) comprises CEBus communications 
means. 

30 6. The system (1) of Claim 1 wherein said circuit 
breaker means (13) comprises recloseable circuit 
breakers (13a-13n) in a plurality of said branch cir- 
cuits (9a-9n) adjacent said main circuit (11), and 
wherein said remote means (53) is connected in a 

35 selected branch circuit (9n) downstream of the 
recloseable circuit breaker (13n) in the selected 
branch circuit (9n). 

7. The system (1) of Claim 1 wherein said circuit 
40 breaker means (13) comprises recloseable circuit 

breakers (13a-13n) in a plurality of said branch cir- 
cuits (9a-9n) adjacent said main circuit (11) and 
wherein said remote means (53) is selective con- 
nectable in a number of said branch circuits (9). 

45 

8. The system (1) of Claim 7 wherein said branch cir- 
cuits (9a-9n) include receptacles 59a-59n) down- 
stream of the remote controlled circuit breaker 
(13a-13n) and wherein said remote means (53) has 

so a plug (57) insertable in any of said receptacles 
(57a-57n). 

9. The system (1) of Claim 7 wherein said reclose 
means (47) of said recloseable circuit breakers 

55 (13a-13n) comprises a reclose actuator (49) and 
addressable communication means (55) having an 
assigned address and responsive to a remote 
reclose signal containing the assigned address to 
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actuate said reclose actuator (49), said remote 
means (53) transmitting said reclose signal with the 
assigned address of a selected redoseable circuit 
breaker (13a-13n). 

5 

10. The system (1) of Claim 9 wherein said addressa- 
ble communication means (55) is also responsive 
to a reclose signal with a global address, and said 
remote means (53) selectively transmits said 
reclose signal with said global address. 10 

1 1 . The system (1) of Claim 10 wherein said branch cir- 
cuits (9a-9n) include receptacles (59a-59n) and 
said remote means (53) includes a plug (57) insert- 
able in a receptacle (59a-59n) in a selected branch 'is 
circuit (9a-9n). 

12. The system (1) of Claim 11 wherein all of said 
redoseable circuit breakers (I3ar13n) are housed 

in a load center (15) and wherein said receptacles 20 
(57a-57n) are located in said branch circuits (9a- 
9n) remote from said load center (1 5). 

13. The system (1) of Claim 6 wherein said trip means 
(25) of said redoseable circuit breakers (13a-13n) 2s 
include thermal-magnetic trip means (27) and elec- 
tronic trip means (33). 

14. The system (1) of Claim 13 wherein said electronic 
trip means (33) comprise at least one of an arc fault 30 
detector and a ground fault detector. 
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(57) Circuit breakers (13) in an electric power distri- 
bution system (3), such as in a residence or a light com- 
mercial facility, are remotely reclosed using a power line 
communications system (51 ) such as an X1 0 or CEBus 
system, which transmits a reclose signal overthe power 
conductors (5, 7) to a recloser (47) controlling the sep- 



arable contacts of the circuit breaker (13) in the load 
center (1 5). A remote master unit (53) which generates 
the reclose signal is connected to an unaffected branch 
circuit (9), preferably by plugging into a receptacle (59) 
located in a convenient part of the house or office remote 
from the load center (15). The reclosers (47) may be 
addressed individually or globally. 
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